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ABSTRACT 

The c e s i u m   c l o c k   t r a n s i t i o n   i s   a t  9, 192, 631, 770 
Hz by d e f i n i t i o n .   I n   t h e   d e s i g n   o f  a cesium  frequency 
standard, i t  i s  common to  generate a 5-FHz signal  which 
i s  l ocked   t o   t h i s   t rans i t i on .   S ince  5-MHz cannot be 
d i r e c t l y   m u l t i p l i e d   t o  match the   exac t   c lock   t rans i -  
t i o n  frequency,  usual ly  another  frequency i s  synthe- 
s ized and mixed i n  such a way t h a t   t h e   c l o c k   t r a n s i -  
t i o n   f r e q u e n c y   i s  produced. 

This  paper  describes a synthesizer  using a 5-MHz 
reference  which has an output   f requency  o f  5.00688 
MHz which i s  very  near ly  an i n tege r   submu l t i p le   o f  
the  ces ium  c lock  t rans i t ion  f requency.   Ind i rect  
synthesis i s  used i n  which an i n t e r n a l  (number  con- 
t r o l l e d )   o s c i l l a t o r   i s   l o c k e d   a t  a p resc r ibed   f re -  
quency o f f s e t   r e l a t i v e   t o   t h e  referencel3  Resolution 
( q u a n t i z a t i o n   e r r o r )   i s   1 . 4   p a r t s   i n  10 . A f re-  
quency s t a b i l i t y   p l o t  U ( T )  o f   t he   syn thes i ze r   no i se  
i s  presented. The synt#esizer  can be made very 
compact  and r e l i a b l e .   S i n c e   i t s   o u t p u t  has low  phase 
noise,   the  s ignal  may be m u l t i p l i e d   d i r e c t l y   t o   t h e  
ces ium  c lock   t rans i t ion   f requency .   In  a cesium 
standard, t h i s   s i m p l i f i e s   t h e  amount o f   m i c r o -  
wave hardware compared t o   t r a d i t i o n a l  schemes. The 
design  concepts  of   the  synthesizer  can  easi ly be 
extended i n   o r d e r   t o  implement  squarewave  frequency 
modu la t ion   o f   the  beam tube RF e x c i t a t i o n .  

INTRODUCTION 

It i s   d e s i r a b l e   i n  a C S  f requency  standard  to 
generate  the  c lock  t rans i t ion  f requency o f  9.192.. . 
GHz w i t h  low  phase noise.  This i s   e s s e n t i a l   i n  
o rde r   t o  make the  servo  system  correct ly  lock an 
o s c i l l a t o r   t o   t h e  Ramsey-line  center. I n   o r d e r   t o  
minimize X-band phase noise and lock  a 5-MHz 
o s c i l l a t o r , t h e  scheme  shown i n  Fig. 1 has been 
adopted i n  many cases. A low  noise 5-MHz VCXO i s  
m u l t i p l i e d   t o  9.180 GHz and mixed w i t h  a 12.632 MHz 
signal   synthesized  f rom  the 5 MHz o s c i l l a t o r .  The 
advantage t o   t h i s  scheme i s   t h a t  . the  synthesizer  noise 
component i s  added a t  X-band. This means t h a t   t h e  
requirement  for   low  synthesizer phase n o i s e   i s  
relaxed. The VCXO no ise component i s   m u l t i p l i e d  by 
1836, so i t  must be made s u f f i c i e n t l y   s m a l l   u s i n g  
a h i g h   q u a l i t y   o s c i l l a t o r .  The no ise   con t r i bu t i on  
due t o   t h e   m u l t i p l i e r  can l i k e w i s e  be made small [l]. 

I n  an a t t e m p t   t o   s i m p l i f y   t h e  scheme o f   F i g .  1, 
we pursued  an a l t e r n a t e  approach. I f one could 
synthesize 5.00688 MHz, a s u b m u l t i p l e   o f  9.192 ... 
GHz, us ing 5-MHz as a reference,  then  the  microwave 
mixer and f i l t e r   c o u l d  be eliminated.  Furthermore, 
one could  then  synthesize [5.00688 + 6fIMH.z and 
[5.00688 - GflMHz where 6 f  i s   h a l f   t h e  Ramsey l i n e -  
width. If the  swi tch  f rom  +6f   to   -6 f  were made a t  a 
constant  rate,   then one would  have  square wave f r e -  
quency modulat ion  o f   the Ramsey l i n e .  The 5-MHz 
reference  could  then be servoed  by a l o c k - i n  
ampl i f ie r   connected   to   the  beam tube  detector.   This 
approach i s  shown schemat ica l ly  i n  F igure 2. I n  
implementing t h i s  technique, it i s   e s s e n t i a l   t h a t  
the  synthesizer  output have low phase noise  s ince 

i t  i s   m u l t i p l i e d  by 1836 [21. Also, i t s  r e s o l u t i o n  must 
be h i g h   i n   o r d e r   t o   i n t e r r o g a t e   t h e  Ramsey l i n e   w i t h  
good prec is ion.  The impor tan t   d i s t i nc t i on  between 
Fig. 1 and F ig.  2 i s   t h a t  one requ i res  a low-noise 
o s c i l l a t o r  and the  o ther   requi res a low-noise  synthe- 
s i   z e r .  

There a re  two basic  snythesizer  designs: 
d i r e c t  and ind i rec t .   D i rec t   f requency   syn thes izers  
require  h igh-densi ty  read-only memories and very 
fas t   d ig i ta l - to -ana log   conver te rs   to   ob ta in   low 
phase noise C31. I n d i r e c t   s y n t h e s i z e r s   u t i l i z e  an 
i n t e r n a l   o s c i l l a t o r   w h i c h   i s   l o c k e d   t o  a reference 
s ignal   accord ing t o :  

- -  A 
fsynth.osc. - B ' fief. 

I n  a d ig i t a l   syn thes i ze r ,  A and B are  integers.  
The a b i l i t y   t o   l o w e r   t h e  phase no ise   o f   the   locked 
o s c i l l a t o r   r e l a t i v e   t o   t h e   r e f e r e n c e  depends upon 
the sample r a t e   o b t a i n e d   f o r   p a r t i c u l a r   v a l u e s   o f  
A and B. The degree t o  which  the  locked  osc i l la tor  
degrades goes as the sample r a t e .  It i s   p o s s i b l e   t o  
maximize  the sample ra te   ove r  a wide  range o f  
synthesizer  frequencies by using  several  locked 
o s c i l l a t o r s  and mix ing them [4]. 

We have  developed a method o f   l o c k i n g  a 5.00688 
MHz VCXO a t  a p r e s c r i b e d   o f f s e t   r e l a t i v e  t o  a 5-MHz 
o s c i l l a t o r .   R e s o l u t i o n   o f   t h e   l o c k i n g   c i r c u i t r y   i s  
be t te r   t han   t he   s tab i l i t y   o f   t he   bes t   ava i l ab le   qua r t z  
o s c i l l a t o r s   f o r  sample times o f  1s and longer. 
Work has  been done p rev ious l y  on a method o f   l o c k i n g  
a 5.00688 MHz o s c i l l a t o r   a t  a Programmed of fset  
r e l a t i v e   t o  a 5-MHZ reference  [5].  The emphasis of 
t h i s  paper i s  on a new ind i rect   synthes is   des ign.  

SYNTHESIZER  DESIGN 

A block  diagram o f   t h e   s y n t h e s i z e r   i s  shown i n  
Fig. 3. The 5-MHz reference f i s  heterodyned 
w i t h  V C X O  f1,which i s  a t  5.00668 MHz.  The r e s u l t a n t  
6.88kHz beat  note i s  then  mixed  against fr + 726. 
The f ina l   beat   f requency fb i s  nominal ly 7 Hz.  By 

producing a low  frequency  beat  note  from  two  rela- 
t i ve l y   h igh   f requency   osc i l l a to rs  one i s   a b l e  t o  
measure smal l   f rac t iona l   f requency   f luc tua t ions  
us ing a t ime  in te rva l   counter   w i th  100 ns reso lu t i on .  
Thus, 

___- 6Tk - 6fl = [ .- :a] - ':; . 
'k fb 

where T = - and T i s   t h e  kth period  corresponding 1 
fh k 

t o  fb. 

We see t h a t   f r a c t i o n a l  f requency  f luctuat ions 

- 6fl a r e   m u l t i p l i e d   b y   t h e   r a t i o   o f  fl t o  fb i n  
fl 
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o r d e r   t o   o b t a i n   f r a c t i o n a l   p e r i o d   f l u c t u a t i o n s  
% of  the   beat   no te .  The period, T ~ ,  i s  measured 

by a t ime- in terva l   counter   us ing a 10-MHz time-base 
reference fc which  can  be  conveniently  derived  from 
the 5-MHz reference. A feedback  loop  locks  the 
pe r iod  o f  the VCXO t o  a desired  value N T ~  which i s  
an i n tege r  number o f   p e r i o d   o f  fb and i s   t h e   g a t e  
pe r iod   f o r   t he   t ime   i n te rva l   coun te r  ( T ~  = 143  ms). 

Tk 

Thus 3 
6r 

r k  = N T ~  (1 + e)= kb(1 + H 

where H = 1. f 

fb 

The counter  generates a number xk a t   t h e  end 
o f   i n t e r v a l  T~ given  by 

'k = fc  'k-l. 
The counter  output x, i s  then  subtracted  f rom a 
preset  number x which i s   r e l a t e d  

* h  

x* = fcNTb. 

And the   ou tpu t   o f   the   sub t rac tor ,  
i s  simply 

- * x = x - Xk'  -k 

t o  T~ by: 

denoted by "x,", 

An accumulator computes the sum o f   t h e  $ ' S ,  and 

&&log conver te r   w i th  a gain  constant kl. The 
o u t p u t   o f   t h e  OAC i s  connected t o   t h e   v a r a c t o r  
c o n t r o l   o f   t h e  5.00688 MHz VCXO. The frequency 
o f  the VCXO i S r e l a t e d   t o   t h e  v 0 1   t a g e   a p p l i e d   t o   i t s  
varactor  by  gain  constant k2. 

The feedback  loop  applies a c o r r e c t i o n   v o l t a g e  
t o   t h e  V C X O  u n t i l  xk = x ,  hence X, = 0. Re fe r r i ng  
t o  Fig. 3, one  can break  the  feedback c i r c u i t   a t  M 
and analyze  the  open- loop  character ist ics.  A t  M, we 
have 

i s  conver ted   to  a vol tage  through a d i g i t a l - t o -  

k k-l 

and the re fo re  kl& 

where v i s   t h e   c o n t r o l   v o l t a g e   t o   t h e  VCXO and 

6v i s   t h e  change i n  v due t o  xk. fl ,k  

fl ,k fl 

= x* - f N-r - ( f  NT H)- 6fl ,k-l 
c b  c b  f, 

ana X *  - f c N r b  = 0 

The maximum r e s o l u t i o n  of k-' i s   i t s   d e v i a t i o n  
when AXk = one u n i t .   T h i s   i s   a l s o  known as  the 
q u a n t i z a t i o n   e r r o r  q when d e a l i n g   w i t h  a d i g i t a l  
system. We have 

fl 

1 
q = f c N . r b H  

For  the  system  described i n  Fig. 3: 

fc = 10' HZ, 

N T ~  = 1 s (7 samples s ince r b  = 143ms), 

and H = -  = 7.14 x 10 5 . 7 

Therefore 

q = 1.4 x a t  1s. 

T h i s   r e s u l t  means t h a t   t h e   s m a l l e s t   f r a c t i o n a l  
f requency  f luctuat ion-)g  which  the  loop i s   s e n s i -  
t i v e  will be 1.4 x 10 a t  1s  counter   gate  in terva l .  
The v a l u e   f o r  T~ i s  143 ms s i n c e   t h a t   i s   t h e   p e r i o d  
o f  fb and the  counter i s  gated  by  zero-crossings  of 
t h e   v o l t a g e   o f  fb (o r   i n tege r   mu l t i p les   t he reo f ) .  
Increas ing fc lowers q, so i t  i s  p o s s i b l e   t o  
i nc rease   t he   reso lu t i on   i n   6 f l  k-l by going t o  a h igher  

c lock   ra te .  It should be no ted   t ha t   t ime- in te rva l  
counters can  be bu i l t   w i th   c lock   ra tes   app roach ing  -15 
1 GHZ. With such  speeds, q would  approach  1.4 x 10 
a t  N T ~  = I s .  

L 

f l  

CLOSE0 LOOP TIME RESPONSE 

A t  M, we have 

bv = k ( f  NT  H) 6 f l ,k - l  fl,k 1 c b 
fl 

Now l e t  us close  the  feedback  loop and make the 
connection a t  M to   the   varac tor   con t ro l   o f   the  
VCXO. Assume t h a t   t h e   v a r a c t o r   v o l t a g e   l i n e a r l y  
contro ls   f requency fl w i t h i n  a given  range  such 
t h a t  

Afl ,k = k2vfl k 

= x* - fc [ N i b  (1  + H 
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A fractional  frequency  change  due  to 6v at 

M is,given by 
fl ,k 

This equation  describes  the  action of the  loop  from 
the  k - 1 sample  to  the kth sample.  If we make  the 
coefficient A = 1 by an appropriate  choice of  kl 
and  k2,  then  a  fractional  frequency  fluctuation  in- 
duced by the  feedback  loop at the kth sample  will 
be  equal  in  magnitude  and  opposite in sign  to  a 
sensed  fractional  frequency  fluctuation at the  k - 1 
sample. 

The  time  response of the  loop can be  studied  by 
plotting  the  frequency of the  VCXO as a  function  of 
time or sample  number k. Let us assume  that  the  VCXO 
and  reference  are  noiseless.  If the reference fre- 
quency,  f , is stepped at time k = 1 and  if A = 1, 
then we hgve  the  following  sequence: 

r l 

fly = klk21go + 5 I where xl = 0 

L J 

fl , 3  
= k  k [x + 3 + $1 if A = 1,then x 3 =  0 1 2  -0 

L a 

fl,k = k l k 2 k o  + $1 k > 3 

If A = 1 ,  then  the  frequency fl of the  VCXO is solely 
determined by the  initial  value  in  the  accumulator $ 
and  the  amp1 i tude x2 due to  the  step at k = 1. 
This is  because & = 0 for  k > 2. If A # 1, then 
& # 0 for  k 2, and fl is determined by new  values 
in the  accumulator  at  successive k samples. 
closed  loop  time  response  to  a step function  is  shown 
graphically  in  Figure 4 for different  values of A. 
To minimize  transient  response  errors  and  obtain 
best  tracking  and  acquisition  properties  for  the  loop, 
the  hardware  realization of this  synthesizer  should 
be  such  that A = 1. 

- 

- 

FREQUENCY  DOMAIN  CONSIDERATIONS 

In order  to  gain  insight  into  the  frequency  domain 
characteristics of the  synthesizer  we will examine  the 
power  spectrum of the  error  correction  signal in the 
feedback  loop for the case where  f  r is perturbed by 
white  noise.  Referring  to  Fig. 3, one can  derive 
the  following  five  expressions: I)= 

- L I  

1. ;ik = r,k-l where a = 1 + 726 1 
Cfl,k-l-afr,k-lJ 

2. V k  - V;-l = &Vk = kl& where V is  voltage out 
- 

of the  DAC 

6. fv,k = fr,O + ' fr,k 
5* fl ,k = fl ,O + fl ,k 

From_ these one can  derive an  expression  for  changes 
in as  a  function of changes in 6 fr: 

- 
-k X + 2 frklk2$-l = -2 fr a (6 fr,k- 

We see  that  a  change in 5 over an interva 
to  a  change in 6fr  over  the  interval  k-l. 
now  make  the  changes in 6fr  a  white  noise 
that is: 2 

-' fr,k-2) 
k i s  due 
Let us 
process, 

The resultant  power  spectrum of changes  in xk is 
then  given by [GI, 

The coefficient B governs  the  behavior o f  the  loop 
to  a  high  degree. The power  spectrum  of AXk for 
different  values of B is  shown in Fig. 5. For  values 
of 5 approaching  one,  we  see  that  the  loop  becomes 
unstable at frequencies  near  one-half  the  sample 
rate  (the  Nyquist  frequency).  Lower  values o f  .t3 
yield  more  desirable  loop  behavior  with  greater 
power  showing  up at low  Fourier  frequencies.  Fig. 5 
shows  that  the  spectrum  goes  to  zero at f = 0 
In the  time  domain,  this  means  that  the  variance  of 
fractional  frequency  differences  between fl and  fr 
should  decrease for longer  averaging  times. 

SQUARE WAVE FM MODULATION 

In order  to  implement  square wave frequency mod- 
ulation of the CS clock  transition,we  can  build  two 
5.00688 MHz synthesizers. One can  be  tuned  to  the 
Ramsey  center  frequency  plus  a  half-linewidth  and 
the  other  to  the  center  frequency  minus  a  half- 
linewidth.  It  is  simpler  and  cheaper,  however, to 
modify our existing  scheme  such  that  the  VCXO  locks 
at two  frequencies  symmetrically  located  about  a 
center  frequency.  Fig. 6 shows  a  method by which 
this  may  be  accomplished. sk is compared  to  a 
preset  value 1' through  a  second  subtractor. 
The error E is sent  to  an  accumulator  and  then  to  a 
DAC as in the  previous  scheme  of  Fig. 3 .  During 
this  time,  the  VCXO  varactor  is  controlled by the 
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output  o f  t h i s  DAC. I n   o r d e r   t o   l o c k  &he VCXO t o  
another  frequency  symnetric  about  the 3 = o condi- 

t i o n ,  a sw i t ch   o f   t he  VCXO varactor   to   another  DAC 
i s  made. A t  the same t ime  the second s u b t r a c t o r   i s  
p rogramed  to  add, and i t s   o u t p u t   i s   s e n t   t o  an 
accumulator  which sums the   e r ro rs  y i n   t h i s  mode. 
To switch  from one frequency t o   a n o t h e r   a t  a 
cons tan t   ra te   requ i res   t ha t   t he  second a r i t hmet i c  
u n i t   s w i t c h  between adding and sub t rac t i ng  a t  a 
constant  rate.  Separate  accumulators  are used f o r  
each mode so t h a t   a t  each  frequency  the  feedback 
varactor   vo l tage will represent a summation over many 
samples . 

It i s   i m p o r t a n t   t o   n o t e   t h a t   t h e  VCXO frequency 
i s  independent o f   v a r a c t o r   c h a r a c t e r i s t i c s  assuming 
a monotonic  voltage  vs.  frequency. One sees tha t ,  

X, will approach X* t h e   s i g n   o f  3, will change 

depending  on  whether  the second ar i thmet ic   e lement  
i s   s u b t r a c t i n g   o r  adding.  Modulat ion  rates up t o  
tw ice   the   Nyqu is t   f requency   a re   poss ib le   w i th   th is  
scheme.  The servo  system f o r   l o c k i n g   t h e  5-MHz 
o s c i l l a t o r   t o   t h e  ces ium  c lock  t rans i t ion  should 
have a t ime  constant  which i s   a t   l e a s t   t e n   t i m e s  
longer  than  the  modulat ion  rate.   This  would  a l low 
the  cesium  servo  t ime  constant  to  be  of  order  1.4s. 

- wi th   a l l   o the r   t h ings   be ing   equa l ,   t he   magn i tude   o f  
-4 

TIME-DOMAIN SYNTHESIZER NOISE 

The synthes izer  shown i n  Fig. 3 was b u i l t   f o r  
t es t i ng .  Time-domain s t a b i l i t y  measurements us ing 
the   A l lan   var iance were made between a 5-MHz quar tz  
o s c i l l a t o r  and the   i n te rna l  5.00688 MHz VCXO. 
Fig. 7 shows U (T) o f   t h e  two o s c i l l a t o r s  independ- 
en t l y   f ree - runn ing   ( c i r c les )  and wi th   the  synthe-  
s i z e r   c i r c u i t   o p e r a t i n g   ( c r o s s e s ) f o r  T from 1 S t o  
about 10,000 S. These data were  computed by meas- 
u r i n g   t h e  7 Hz beat   no te   ou t   o f   the  second mixer i n  
the  unlocked and locked  condit ions.  With  averaging 
t imes   o f   o rde r   I s ,  we see a small  improvement i n  
t h e   r e l a t i v e   s t a b i l i t y   o f   t h e  two o s c i l l a t o r s   u s i n g  
the  synthesizer.  It i s   i m p o r t a n t   t o   r e a l i z e   t h a t  
the   syn thes izer   con t r ibu tes   no th ing   fo r   averag ing  
t imes  shorter  than  the sample r a t e  o f  the  t ime-  
i n te rva l   coun te r .  The minimum r a t e   i s  143 ms. s ince 
t h a t  i s  the  per iod  o f   the  beat   note.   Wi th  an improve- 
ment i n  t h e   f r e e - r u n n i n g   r e l a t i v e   o s c i l l a t o r   s t a -  
b i l i t y   a t  I s ,  we can  expect an improvement i n  
s t a b i l i t y l y n d e r  a locked  condi t ion  up  to   about  
1.4 x 10 -   s ince   t h i s   i s   t he   reso lu t i on   o f   t he   syn -  
t h e s i z e r   c i r c u i t .  We see a not iceable improvement i n  
s tab i l i t y   f o r   l onger   ave ra   i ng   t imes   w i th  a value 
f o r  U ~ ( T )  o f  about 2 x a t  T = 16,000s One 
would  expect   that   the  type  o f   no ise  cont r ibuted by 
t h e   s y n t h e s i z e r   i t s e l f   i s   w h i t e  phase noise, so the 
i n t r i n s i c   n o i s e   s h o u l d  go as 1 / ~ .  The r e s u l t a n t  
B ( -1  depends t o  a large  degree on the  f ree-running 
s x a b i l i t y   o f   t h e   i n t e r n a l  VCXO r e l a t i v e   t o   t h e  
reference. 

CONCLUSION 

Y 

We have shown t h a t  i t  i s   f e a s i b l e   t o   s y n t h e s i z e  
5.00688 MHz f o r  use  as a d i r e c t   s u b m u l t i p l e   o f   t h e  
ces ium  c lock   t rans i t ion .   L imi ta t ions  on the   s ta -  
b i l i t y   o f   t h e   s y n t h e s i z e r   a r e  governed  by the   s ta -  
b ' l i t y   o f   t h e   r e f e r e n c e  and of   the  f ree-running 
s t a b i l i t y   o f   t h e   i n t e r n a l  VCXO. With a test   synthe-  
s i ze r ,  U ( 7 )  was ?gout 2 x 10-12 f o r  7 = IS; U (t] 
was  abou! 2 x 10- f o r  7 = 16,309s. It i s   p h s i b l e  
to   improve   t he   syn thes i ze r   s tab i l i t y  by us ing a VCXO 
w i t h   b e t t e r   f r e e - r u n n i n g   s t a b i l i t y  up to   t he   reso -  
l u t i o n   o f   t h e  S nthes izer 's   t ime- in te rva l   counter - -  
1.4 p a r t s   i n  1073 f o r  a sample t ime  o f   near  1 S .  If 
r e s o l u t i o n   i s   t h e   s t a b i l i t y   l i m i t a t i o n ,   t h e n   c o n v e r t i n ?  
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t o  a t ime- in te rva l   counter   w i th  a c l o c k   r a t e  o f  
100 MHz will improve  resolut ion by an o r d e r   o f  
magnitude compared t o  our   test   synthes izer .  

Squarewave frequency  modulation o f  the VCXO can 
be  implemented  by a s t ra ight forward  extens ion o f  the 
synthesizer  design.  This will accomplish squarewave 
frequency  modulation o f   t h e  Ramsey c e n t e r l i n e   w i t h  
the  goal o f   i m p r o v i n g   s t a b i l i t   o f   t h e  cesium  tube 
servo  system  by as  much as d v e r a l l  compared t o  
sinewave  modulation.  Frequency  modulation  rates o f  
7 Hz and lower   a re   rea l i zab le .  

Except fo r   m ixe rs  and b u f f e r   a m p l i f i e r s ,   t h e  
synthesizer uses  convent ional   d ig i ta l  components. 
This has the  advantage o f  high  noise  immunity and 
r e l i a b i l i t y .  From an ana ly t i ca l   s tandpo in t ,   l im i ta -  
t i o n s  on r e s o l u t i o n  and s t a b i l i t y  can be more 
accurate ly   def ined as compared to   analog  loops.  
Cur ren t   in tegra ted   c i rcu i t   techno logy   a l lows  the  
ent i re   synthes izer   minus  the VCXO t o  fit on a 10 X 20 
cm p r i n t e d   c i r c u i t   c a r d .   H i g h   q u a l i t y  VCXO's a r e   a v a i l -  
a b l e   i n  volumes as small as 0.5 R. 
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Figure 2 .  One can  e l iminate some x-band  hard- 

t r a n s i t i o n   f r e q u e n c y   i s   t o   m i x  a s y n t h e s i z e d   d i r e c t l y   m u l t i p l y i n g   t o  9.192 ... GHz 
12.632 MHz s igna l   w i th  9.180 GHz, a m u l t i p l e  of 
5 MHz. 

Figure  1. A popular scheme for  generat ing  the  cesium  c lock ware  by synthes iz ing 5.00688 MHz and 

F igure 3. The 5.00688 i .1~2 synthesizer uses a l o c a l  VCXO.  Two mixers and 
one d i v i d e r   c r e a t e  a low  frequency  beat  note  which  can be 
measured us ing a t ime- in terva l   counter .  A r e s o l u t i o n  o f  1.4 
p a r t s  in 10'' a t  a 1s gate  t ime i s   r e a l i z a b l e   w i t h   t h i s  scheme. 
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f l  ,k  
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Figure 4. The coefficient "A" given in the test determines 
the time-response o f  the loop to a step function. 
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5.000 MHz 7El-l- 10 MHz  CLOCK 

P E R I O D  OF fb+N 

P E R I O D  

E,=x*-x,  

Figure 6. Implementation of squarewave  modulation  requires  the  use of an 
additional  arithmetic  element,  accumulator,  and DAC. 
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Figure 7. The test synthesizer of Fig. 3 shows a  stgblity of 2 x 
in the locked condition at 16,000 S. 
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